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I t  is  a p leasu re  t o  take p a r t  w i t h  so many represc.iIi.atives 
of indus t ry  and the Armed Serv ices  i n  t h i s  Symposium on 
Engineering for Space. 
s e r v i c e  toward increas ing  the technologica l  p o t e n t i a l  of t h e  
United States. The S .  A. M. E. recognizes  t h a t  t h e  n a t i o n a l  
i n t e r e s t  r e q u i r e s  vigorous engineer ing a c t i v i t y  at a l l  times -- i n  peace,  i n  w a r ,  and i n  a period l i k e  t h e  p re sen t  which is 
n e i t h e r .  

Your s o c i e t y  has performed outs tanding 

Engineers p l a y  v i t a l  roles i n  a new aspec t  of our na t iona l  
l i f e ,  one t h a t  has important m i l i t a r y  as w e l l  as c i v i l i a n  
a s p e c t s .  I r e f e r ,  of course, t o  the  National Space Proqram a n d ,  
p a r t i c u l a r l y  today, t o  t h e  development and cons t ruc t ion  of the 
Parge, complex f a c i l i t i e s  for t h a t  program -- f a c i l i t i e s  that 
w i l l  support t h e  quest for  knowledge and exp lo ra t ion  of t h e  
solar  system i n  t i m e s  of p:?ace -- f a c i l i t i e s  t h a t  a r e  a l s o  
there t o  S ~ K V F ?  the Nation if aggression should t h rea t en  us. 



. 1.  

Later,  I s h a l l  touch upon some of t h e  very l a q e  and 
complex i n s t a l l a t i o n s  w e  mus t  construct: i f  w e  a r e  L o  achjcve 
t h e  o b j e c t i v e s  of the Nat ional  Spacc Prosram. 

F i r s t ,  however I l e t  m e  sketcri i - j i  t:ackqrour\fl nnct qr--ow.th 
of la rge-sca le  United S t a t e s  s c i e n t ]  lic and keci-inoloqicnL en- 
deavors .  

Since the e a r l y  days of o u r  i nd(.pr.ntjl(Ince, the' Government 
role i n  sc ience  has been debated f ~ : : r ~ l i ~ ~ n i : l y .  1 ~ ~ r ~ , 1  stpntl ly 
throughout the  f i r s t  150 yea r s  sf our nakion,iL CxisI:c~nc:e 
Congress was r e l u c t a n t  t o  inves t  mare than  Imkvn sums i n  sc ien-  
t i f  i c  research .  

Government p a r t i c i p a t i o n  i n  s c i ence  and techno9sgy c r e w  
slowly. I n  1807, w e  created a bureau that- was to  become the 
U..; . Coast- ,  and Geodetic Survey. ' f n  1846, L h c  S m J  thsonian  
I n s t i t u t i o n  a r r i v e d  on  t h e  scene. The Wac between the S t a t e s  
was t h e  backdrop for  the estabki.shment of t h e  PJatioriali Academy 
of Sciences i n  1863. 

By t he  t u r n  of the centuuy,  ;is S P : L C ? ~ C P  and technonogy in 
gene ra l  qained momentum anti b C i : j J t i  Congress e s t ab l i shed  the  
Nat ional  Bureau ot- Standards (in 2.901) t o  pursue t h e  sc ience  
and technology of measurements, s tudy  m a t e r i a l s ,  and so lve  
r e l a t e d  problems. 

I t  was war, the F i r s t  World W a r ,  that focused the Na t ion ' s  
a t t e n t i o n  on t h e  need for  g r e a t e r  Government s c i e n t i f i c  
a c t i v i t y .  

The pioneer  a v i a t i o n  w o r k  of t h e  Wright Brothers  and 
Samuel P .  Langley had been l a r g e l y  overlooked or ignored i n  
t h i s  country.  W e  entered World W a r  .It w i t h  n e i t h e r  des ign  ex- 
per ience  nor manufacturing c a p a b i l i t y  i n  ae ronau t i c s .  
recognized t h i s  de f i c i ency  i n  193.5 by c r e a t i n g  the  Nat ional  
Advisory Committee for Aeronautics.  

Congress 

A l s o  during t h e  F3-rs-k World War, t h e  United S t a t e s  sup- 
ported t o  a modest e x t e n t  a Massachusetts p h y s i c i s t ,  Robert. 13. 
Goddard, i n  h ; s  stuc3ir.s si- rockets a s  means of propuls ion to  
reach "extrcrnr~ n l t i k u d e s .  " Goddard's work. was underwri t ten b y  
I-he S m i  t h s o n j  an I.n:;t i t-.ut-.lon and the Army SiqnaP Corps. During  
i.lw war, L)r. Goddnrd made qood proqress i n  so lv ing  somr of:' Lhe 
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basic problems of rocketry. The Smithsonian continued t o  f u r -  
n i s h  modest support i n  the 1920's. 

On the whole, however, Federal participation i n  science 
and technology lagged between the two World Wars. 

World War I1 brought about great and rapid expansion of 
Government participation i n  the f ie lds  of science and tech- 
nology. We improved our a i rc raf t .  We developed radar. We 
applied electronics t o  military requirements, and for the same 
purposk investigated j e t  propulsion and resumed interest  i n  
rockets. 

overshadowing these projects was the unprecedented, secret 
investment of two b i l l ion  dollars t o  achieve nuclear fission 
for military use. The success of t h i s  endeavor was a dramatic 
demonstration of what the United States can accomplish when it 
marshals i t s  resources and the power of modern science to  
achieve a great national objective. 

Following demonstration of the power of nuclear energy, 
Congress -- a f t e r  f u l l  debate -- created the Atomic Energy 
Commission i n  8946 and the National Science Foundation i n  1950. 

I n  1955, the Nation resolved to  launch a t  least  one 'satel- 
l i t e  during a special 18-month period to  b e i n  i n  1957, 
established by world sc ien t i f ic  organization$ as the Inter- 
national Geophysical Year. 

B u t  when 1957 arrived, it was the Soviet Union t h a t  
launched the first manmade earth s a t e l l i t e .  
f irst  of a long series of demonstrations that the Soviets are 
able t o  carry out significant tasks i n  space, the newest and 
most dramatic arena of human act ivi ty  and aspiration. 

Sputnik 1 was the 

Soon a f t e r  the first Sputniks orbited i n  the $ m e r  of 
1958, Congress created the National Aeronautics and Space 
Administration ( W S A ) ,  and a n  ent i re  new sphere af Federal 
activity.  

As the Space Act required, a long-range plan for the 
Nation's space program was drawn up. Meanwhile, the Soviet 
Union continued i ts  succession of accomplishments. 
question arose: was our program bold and far-reaching enough 

The 
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to contribute, i n  the language of the Space A c t ,  t o  "the 
preservation of the role 0f the U n i t e d  Stater ,  as a leader i n  
aeronautical and space science and techzmlogy. '' 

I n  the first weeks a f te r  President knnedy took office,  
the Soviet demonstrations mounted i n  CL crcicsndo, w i t h  the 
l i f t i n g  of a 14,000-pound payload i n to  orbit, the launching of 
a spacecraft toward Venue, and the manned orbital f l igh t  of 
Y u r i  Gagarin. 

!Phese new circumstances demanded a nCtiona1 space program 
of  greater urgency and more ambitious goals. 

A year ago t h i s  week, on May 25, 1961, President Kennedy 
declared it w a s  "time for t h i s  lat ion t o  take a clearly lead- 

1 ing role i n  space achievement." He proposed accelerating and 
expanding the national apace prograa in a number of s i g n i f i -  
cant areas. 

I 

The President's mest arresting proposal was that  the 
United States set  aa a national goal the landing of a team of 
U . S ,  explorers on the moonp and their r e t u r n  to earth before 
1970. Under the previous plans0 rueh a f l igh t  could not have 
taken place before the middle of the 1990's. 

Congress endorsed the President's program in a non-partisan 
manner and, as you knm, these undertakings are now well under 
way . 

Our space ac t iv i t ies  are i n  no sense attempts to  perform 
s t u n t s  -- spectacubare, if you w i l l  -- nor w i l l  the landing 
of W,S, astronauts on the moon be our ultimate objective. 
Rather, the national e f for t  is organized on a broad basis to 
accomplish rapid advances i n  science and technology that  w i l l  
make it possible for us t o  carry out any assignment i n  space 
that the national interest  might require, Furthermorep we 
plan that  lunar exploration w i l l  head t o  wider exploration of 
the solar system, ventures whose end no man can foresee. 

The primary requirement s f  space act ivi ty  is rocket power, 
En these two words are embodied the secret of Soviet success 
t o  date, The l4,OOO-pound s a t e l l i t e  launched by the Soviets 
more than a year agoo in February 1961, was about five times 
as heavy as our Mercury spacecraft. The rocket vehicle that  
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launched it must have had almost three t i m e s  the power the 
largest booster we have now -- the  Atlas-Agena B. And we have 
the word of Academician Aaatoly BBagonravav before an  American 
television audience tha t  even more powerful Soviet Paunch ve- 
hicles are being developed e 

The Wnited States has established a National Launch Ve- 
hicle  Program to develop, the rocket power we require. At 
present, the program consists of PO vehicles of varying s izes ,  
Responsibilities for developing the vehicles are assigned t o  
the National Aeronautics and Space Administration and the Depart- 
ment sf Defense, Each vehicle, however, w i l l  be available to  
a l l  agencies of the Government with work to do i n  space, 

There is not time today to describe these bunch vehicles 
i n  de ta i l ,  but f do want to  give you a feeling for what is 
involved. 

The five smallest vehicles are already i n  use. They range 
from the Scout, which can lift 150 pounds into an earth orb i t ,  
t o  the Atlas-Agena B, which can orbi t  5,800 pounds and Bast 
month launched the 75O-pgound Ranger 4 t o  the f irst  landing sf 
an American-made object on the moon. 

We w i l l .  have s t i l l  more powerful Paunch vehicles i n  the 
next few years, such a8 Titan I1 which can orbi t  6,000 pounds 
and w i l l .  launch our two-man Gemini spacecraft into earth orb i t ,  
and the Centaur which can orbi t  8,500 pounds and will make it 
possible t o  send more than half a ton of instruments to Mars. 

The next rocket up the scale is  the Saturn., the most 
powerful rocket vehicle, so fa r  as the world knows, launched 
into space t o  date,  W e  have conducted twO highly successful 
f l igh t  tes t s  of the Saturn f i r s t  stage, Next year we plan t o  
test-launch the second stage of Saturn. It w i l l  benefit from 
pioneering research i n  the Centaur program w i t h  Piquid hydro- 
gen fuel,  which must  be maintained a t  a temperature of 4230 
below zero Fahrenheit, and has sther most d i f f i cu l t  technical 
problems involved - 

T h i s  f irst  full-seal@ model of the Saturn w i l l  have t h r u s t  
enough t o  boost a PO-ton version of the three-man Apollo space- 
c r a f t  into orbi t  about the earth on scient i f ic  research and 
training f l ights  Beading to  manned voyages to  the moon. 
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The Advanced Saturn is the  most powerful U.S. launch ve- 
hicle  under development. It w i l l  be a completely new rocket 
with a first stage consisting of five engines, each as powerful 
as all. eight engines of the present Saturn. When the Advanced 
Saturn is operational i n  four or five years, it w i l l  be able to  
l i f t  100 tons into earth orb i t  or t o  speed more than 40 tons to  
the vicini ty  of the moon. 

Advanced Saturn w i l l  be powerful enough t o  launch the 
APQBPQJ spacecraft on a f l igh t  around the moon. The t h r u s t  w i l l  
not be sufficient,  however, t o  carry t o  the moon both the ApoPlo 
spacecraft and the rockets required for descent t o  the surface 
and a launching back t o  the earth. 

For direct  f l igh t  t o  the moon and return, w e  are  carefully 
analyzing the requirements for a giant among giants, the launch 
vehicle we c a l l  Nova. As envisioned a t  present,  Nova would 
enable u s  t o  l i f t  about 200 tons into earth orb i t  or dispatch 
75 tons t o  the neighborhood of the moon. 
purpose vehicle, providing ef f ic ien t  means of transporting 
heavy payloads t o  the moon and into space during the period 
a f te r  the first lunar landings. 

Nova w i l l  be a general 

Nova w i l l  also make it possible t o  launch Bargeb manned 
orbi ta l  stations for any task the national interest  may require. 
We plan t o  begin Nova development w i t h i n  12 months. 

Because Rong lead t i m e  is required for Nova development, 
w e  are investigating means of carrying out the Banding on the 
moon with the Advanced Saturn. I f  we can perfect the tech- 
nique of rendezvous and joining two objects together i n  space, 
we may achieve the lunar banding two years sooner than w i t h  the 
Nova direct  ascent approach. 

The application of nuclear energy t o  rocket propulsion may 
be another possibil i ty.  
developed, there is a possibil i ty that  we can land men on the 
moon, using an Advanced Saturn with a nuclear upper stage. We 
are  pressing forward w i t h  nuclear rockets i n  any case, because 
they hold promise of solving propulsion problems of the next 
decade. The ultimate rocket we can now foresee is Nova with a 
nuclear-powered upper stage 

I f  a workable rocket engine can be 
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As I mentioned earlier,  l a r g e  and complex f a c i l i t i e s  are 
required to surppst Lhe. development sf large launch vehicles 
These f a c i l i t i e s  fnvo%ve an investment tha t  is no t  dissipated 
i n  the year f o r  which the money is appropriared, They a r e  
na t iona l  a s s e t s  of lasting worth -- phys ica l  p l a n t  capac i ty  
t h a t  w i l l  augment our technical capac i ty  for many yea r s ,  

During the per iod af b u i l d i n g  toward a l e v e l  of e f f o r t  
t h a t  w s ? - l  achieve the apace goals e s t a b l i s h e d  i n  1961, i nves t -  
ment i n  f a c i l i t i e s  will be heavy, La te r ,  as t h e  pace s f  
r e sea rch  and development ~mcreases, the f a c i l i t i e s  investment 
w i l l  t end  t o  taper o f f ,  

It is  probably n o t  news t o  elhis audience t h a t  construc- 
t i o n  of ground fac11itPles 1% a critical pacing i t e m  i n  large 
socket-development - p r o ? e c t ~ - ,  Before rocke t  engines can be 
t e s t e d ,  w e  must bu.iid s i z e a b l e  t e s t  stands, W e  must b u i l d  
s t i l l  l a r g e r  stands to  t e s t  t h e  rocket veh ic l e  stages, F i n a l l y ,  
a g i a n t  Paunchinq comslex w i l l  be nrequ.ared at Cape CanaveraP, 

The advanced Sarclrrr .,s a ease i n  paint, The F-1 rocket 
engine t h a t  w i l l  pulwei’ t h e  f i r s t  stage has been rmder develop- 
ment for  almost four  years, The F-1 engine development con tac t  
was one of t‘ne f i rs t  awarded by NASA, a f e w  mon%hs a f t e r  the 
agency was e s t ab l i shed  i n  l a t e  1958,  T e s t  facilities for  t h e  
F-P engine a r e  in ~rse at Edwards A i r  Farce Base, i n  C a l i f o r n i a ,  
When t h e  F-1 research  and development program is completed, 
however, t h e  engines must be b u i l t  in production q u a n t i t i e s  
and a d d i t i o n a l  test f a c i l i t i e s  will be requ i r ed ,  

The s i t u a t i o n  is similar with regard t o  the 5-2, a high 
t h r u s t  l i q u i d  hydrogen engine t h a t  NASA began developing i n  
1966, T h e  5 - 2  will be employed in the seeornd and t h i r d  s t a g e s  
of the Advanced Gaturn.  The%@ a r e  f a c i l i t i e s  f o r  t h e  research  
and developmens tests at an installation operated by a eon- 
t r a c t o r  i n  Santa Sersana, C a l i f o r n i a ,  b u t  for  l a r g e r  production 
a d d i t i o n a l  tests f a c i l i t i e s  musk be cons t ruc ted ,  

Next, w e  require facil .%ties for bu i ld ing  and t e s t i n g  the 
veh ic l e  s t a g e ,  Far fabricating the first  stagel t h e  Government 
f o r t u n a t e l y  owns a l.?irge plan*-  ear New Orleans, at Michoud, 
reeen%ly transferred to NASA from t19e Asmy. I n  Southwestern 
Miss i s s ipp i ,  acros~ che M4ss%il.,sippi River from New Orleans, 
w e  a r e  cons t ruc t ing  s tands  f o r  t e s t i n g  t h e  f irst  s t age .  
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This is an enormous engineer ing job. The Advanced Saturn 
s t a g e ,  c o n s i s t i n g  of f i v e  F-1 engines ,  e x e r t s  an upward t h r u s t  
of seven and a h a l f  m i l l i o n  pounds. You m u s t  d i g  deep i n t o  the 
ground t o  b u i l d  foundations t ha t  w i l l  wi thstand t h a t  much fo rce .  
One of t h e  t r ickiest  problems i n  the design of these l a r g e  t es t  
s t ands  i s  cool ing  t h e  cor,crete and steel b l a s t  deflector. W e  
must pump water a t  the ra te  of a ha l f -mi l l i on  g a l l o n s  a minute, 
c a r e f u l l y  spraying every po r t ion  of the su r face ,  

The test  s tand  w i l l  be i n  ope ra t ion  a t  t h e  Miss i s s ipp i  
s i t e  by 1965, when t h e  Advanced Saturn s t a g e s  go i n t o  produc- 
t i o n .  Meanwhile, w e  a r e  saving t i m e  i n  r e sea rch  and develop- 
ment of cons t ruc t ing  an Advanced Saturn s t and  at Marshall Space 
P l i g h t  Center i n  Hun t sv i l l e ,  Alabama, which w i l l  be ready for 
use i n  about 1 2  months. 

For t h e  second and th i rd  s t a g e s  of t h e  Advanced Sa turn ,  w e  
plan t o  employ and improve f a c i l i t i e s  operated by c o n t r a c t o r s  
a t  var ious  l o c a t i o n s  i n  C a l i f o r n i a .  

Without i t s  payload, the Advanced Sa turn  will s t and  about 
275 f e e t  t a l l ,  a few f e e t  shorter than the Capi to l .  I f  w e  
s tood an Advanced Saturn ca r ry ing  an Apollo l una r  spacecraft 
next  t o  the Capi tol ,  the a s t r o n a u t s  would be able t o  look down 
on t h e  S t a t u e  o f  Freedom crowning t h e  dome, Eut t h e  Advanced 
Saturn launching tower is even ta l le r  -- about 35 stories h igh ,  

NASA is planning t o  employ a new concept i n  launch f a c i l i -  
t i e s  for the Advanced Sa turn ,  Today, assembly of space veh ic l e s  
t a k e s  p lace  a t  the launch pad, The process  t a k e s  weeks, some- 
t i m e s  months, what w i th  the checking of a l l  components and swb- 
systems of the rocket -spacecraf t  combination, Obviously, t i m e  
a t  t h e  launch pad seve re ly  l i m i t s  the number of veh ic l e s  w e  can 
launch 

To c a r r y  o u t  rendezvous and cocking opera t ions  i n  space,  w e  
m u s t  be able to launch the Advanced Sa turn  on a rapid-fire basis. 
Thus, more than  one launch complex must be b u i l t ,  Our s t u d i e s  
i n d i c a t e  t h a t  four  conventional Advanced Saturn launch pads 
would be necessary f o r  proper support  of rendezvous and docking. 

However, we  a r e  i n v e s t i g a t i n g  another so lu t ion .  In s t ead  of 
bu i ld ing  four  complexes, i n  which much expensive equipment would 
be dupl ica ted ,  we  are planning t o  employ a concept under which 
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t h e  veh ic l e s  would be assembled i n  a cent ra l  building more 
than a m i l e  away from the launch pad and would remain on the 
pad only a day o r  t w o .  The veh ic l e  and i t s  access  tower 
would be mounted on a mobile platform i n s i d e  t h e  bu i ld ing ,  
where m o s t  of t h e  time-consuming checkout would t ake  p lace ,  
The e n t i r e  assembly would then  move t o  the pad a day o r  t w o  
p r i o r  t o  t h e  launch. 

Prel iminary s t u d i e s  i n d i c a t e  t h a t  th is  v e r t i c a l  assembly 
s t r u c t u r e  would have a high-bay a r e a  a s  t a l l  a s  a 46-story 
bu i ld ing ,  about a s  wide, and longer  than two f o o t b a l l  f i e l d s .  
Attached would be a low-bay area as t a l l  as a 20-story bu i ld ing  
and s l i g h t l y  smal le r  i n  f l o o r  a rea .  This bu i ld ing  would pro- 
vide f a c i l i t i e s  f o r  simultaneous work on s i x  Advanced Sa turns ,  
a t  a c o s t  t ha twmld  no t  exceed t h a t  of four  conventional 
launching complexes. A l l  t oge the r ,  t h e  s t r u c t u r e  would have 
g r e a t e r  t o t a l  volume than t h e  Empire State Building. 

W e  expect  t o  complete t h e  job i n  t h r e e  yea r s ,  W e  a r e  
reviewing t h e  design s t u d i e s  and expect  t o  r eques t  bids  t h i s  
summer on an a r c h i t e c t u r a l  and engineer ing c o n t r a c t ,  5.0 be 
awarded i n  t h e  f a l l .  The cons t ruc t ion  c o n t r a c t  i s  t o  be 
awarded i n  e a r l y  1963, so t h a t  t h e  f a c i l i t y  w i l l  be ready for  
the  f i r s t  launching of t h e  Advanced Saturn i n  1965. 

A l l  t oge the r ,  t h e  P res iden t  has  requested about 819 
m i l l i o n  dol lars  LOi- cons t ruc t ion  of f a c i l i t i e s  during t h e  
Fiscal Year t h a t  begins  J u l y  1. There are p r o j e c t s  throughout 
the country,  a t  a l l  NASA centers. For example, a t  t h e  L e w i s  
Research Center i n  Cleveland, w e  plan t o  c o n s t r u c t  a l a r g e  
vacuum chamber i n  which w e  can test  space propuls ion engines ,  
such a s  ion  and plasma rocke t s ,  powered by a nuclear  r e a c t o r .  
A t  a new cen te r  w e  have e s t a b l i s h e d  near t h e  Atomic Energy 
Commission s i te  i n  Nevada, w e  propose t o  develop an ex tens ive  
p l a n t  f o r  w o r k  w i t h  t h e  AEC on t h e  nuclear  rocke t .  

I n  conclusion,  l e t  m e  emphasize t h a t  the space program i s  
no t  the exc lus ive  province of any one agency of the Government. 
NASA cooperates  wi th ,  and depends on a number of departments 
and agencies .  Our j o i n t  e f f o r t s  are coordinated a t  t h e  h ighes t  
l e v e l  by t h e  National Aeronautics and Space Council, headed by 
t h e  V i c e  Pres ident .  
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N o r  can t h e  job  be c a r r i e d  o u t  by Government alone. I n  
Pres ident  Kennedy's budget r eques t  for next  year ,  92 c e n t s  o u t  
of every NASA dol lar  would be spen t  on c o n t r a c t s  w i th  indus t ry ,  
u n i v e r s i t i e s ,  and other p r i v a t e  organiza t ions .  

P a r t i c i p a t i o n  i n  our Nat ional  Space Program is  very broad, 
L e t  m e  Bake the forthcoming orbi ta l  f l i g h t  of Astronaut S c o t t  
Carpenter for  an example, A few hundred must be on the job a t  
C a p e  Canaveral. A t  p r e sen t ,  there are about 1,500 i n  t h e  NASA 
Manned Spacecraf t  Center,  where Project Mercury w a s  conceived, 
and where dedicated people worked for  three y e a r s  t o  make it a 
success .  Thousands of o t h e r s  i n  t h e  m i l i t a r y  s e r v i c e s  and 
throughout NASA support  t h e  ope ra t ion  and provide b a s i c  knowledge 
and technologica l  back-up. There are many thousands of others 
employed by t h e  major c o n t r a c t o r s  and more than  4,000 sub- 
c o n t r a c t o r s  and s u p p l i e r s .  But even beyond the direct and in-  
d i r e c t  p a r t i c i p a n t s  and t h e  c o n t r a c t o r s  i s  the magnificent 
support  t ha t  has  been forthcoming f r o m  Congress for  t h e  Nat ional  
Space Program., which r e f l e c t s ,  i n  t u r n ,  the  enthusiasm of the 
American people for t h i s  g r e a t  new adventure of mankind. 

A year ago, i n  his message t o  t h e  CongressI P res iden t  
Kennedy observed t h a t  our n a t i o n a l  program does n o t  merely 
involve one man going t o  t h e  moon., "It w i l l  be an e n t i r e  
n a t i o n , "  t h e  P res iden t  dec la red .  "For a l l  of must work t o  
pu t  him there. I' 
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